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2013. These unemployment developments challenge social cohesion, putting at risk the public support to the on-going fiscal consolidation effort.
According to earlier European Commission and IMF analysis the strong output contraction and the dramatic increase in unemployment has been attributed to reform fatigue and delays in the implementation of structural reforms, which impair the internal adjustment process (see e.g. European Commission 2012; IMF 2012a). However, quite recently the IMF showed that fiscal multipliers might have been underestimated (by a factor of 2-3) in the recent years in a number of countries implying that fiscal consolidation efforts had deeper recessionary effects than anticipated (see IMF, 2012b; Blanchard and Leigh, 2013) .
Driven by these development, using a quarterly dataset, this paper investigates the growth and unemployment effects of fiscal policy changes in Greece in the period [2000] [2001] [2002] [2003] [2004] [2005] [2006] [2007] [2008] [2009] [2010] [2011] [2012] 4 . This analysis is quite topical because policy makers need to have full knowledge of the likely unemployment effects of fiscal consolidation and the social risks that this entails. The he analysis builds on the Blanchard and Perotti (2002) SVAR methodology, as well as on Monacelli et al. (2010) and Pappa (2009) in examining the growth and unemployment effects of exogenous fiscal policy changes. According to our findings, an increase (cut) in government purchases and its subcomponents, i.e., government consumption, the government wage bill and government investment increase (lower) output and reduce (raise) unemployment and the unemployment rate. One year after a negative government purchase shock the unemployment rate increases by about 0.74 p.p. Whereas, two years after the shock the cumulative unemployment rate increase reaches about 0.91 p.p. The unemployment rate effects are double if we assume that the unemployment rate stabilizes around its 2012 level (24.3%). It is primarily government consumption and in particular the wage bill component that drives the output and unemployment responses. Turning to tax variables, increases in the tax burden, and in its subcomponents, such as direct and indirect tax revenues reduce output growth and increase unemployment, but the unemployment response is short lived. Implicit direct and indirect tax rate hikes reduce output growth and increase unemployment rate in a quite pronounced and persistent manner. Both output and unemployment rate responses are more sizeable on impact following government purchases and implicit tax rates shocks compared to the pre-EAP period. In addition, their response profile is more pronounced and persistent compared to the pre-EAP sample (but only in outer years in case of government purchases).
The remainder of the paper is organised as follows. The next section reviews the relevant literature on the labor market effects of fiscal policy. Section 3 presents some data information and discusses in more detail the SVAR econometric methodology. In Section 4 we present the main empirical findings. Section 5 includes a brief summary of the results and concluding remarks. An Appendix provides additional information on data issues 5 .
Relevant literature: labor market effects of fiscal policy changes
The standard RBC model analyzing the effects of fiscal policy imply that a positive government spending shock in the present period that is to be matched by higher labor taxes in the current and future periods generates a wealth effect that decreases consumption and increases labor supply. Both the inter-temporal substitution effect (individuals prefer to supply more labor when labor taxes are low) and the intratemporal substitution effect (individuals prefer to supply more labor when the cost of work relative to leisure is low) reduce labor supply, while the inter-temporal effect decreases consumption. In this case, the impact effect on labor supply and real wages is ambiguous. If the elasticity of labor supply is relatively large, employment may decrease while real wages increase. The increase in government spending, reduces national savings and raises the real interest rate, which reduces investment, and in the medium term lowers the capital stock and thus lowers demand for labor. The exact response profile of employment, real wages and output in the medium term will depend on the magnitude of the wealth effect relative to the substitution effect. Introducing New Keynesian features in a standard RBC model, like price stickiness and monopolistic competition, implies that firms meet the higher demand for their products by increasing their labor demand on impact. This boosts employment and real wages. Overall, the implications for employment and real wages, consumption and consequently output and investment will depend on the strength of the intertemporal and intratemporal substitution effects relative to the wealth effect and the severity of price rigidities, as well as the persistence of the government spending shock and the timing of taxation. Bassanini and Duval (2006a,b) focusing on OECD countries find that higher labor taxes (whether including consumption taxes or not) raise unemployment 6 . Studies for the US such as Fatas and Mihov (2001) , Burnside et al. (2004) , Gali et al. (2007 ) Cavallo (2005 find positive effects on employment following a government spending shock. Monacelli et al. (2010) estimate the effects of fiscal policy on the labor market using US data. An increase in government spending of 1 percent of GDP generates output and unemployment multipliers, respectively, of about 1.2-1.5 percent (at one year and two year horizon, respectively) and −0.6 percentage points (at the peak). Hours and employment also rise significantly following a government spending shock, with a peak response of about 1.5 percent. Several other studies have emphasized that researchers should differentiate the impact of the wage and the non wage component of government spending. Finn (1998) , in an RBC model with competitive labor markets and lump-sum taxation, suggests that an increase in government employment can lead to lower private sector employment (if the wealth effect is small) and higher real wages, as well as lower private sector hours, output and investment. Lane and Perotti (2003) and Alesina et al. (2002) identify a cost or labor market channel of fiscal policy. An increase in government purchases, and in particular the wage bill component of government spending, increases the wages in the private sector, reducing firm profits, which leads to a decrease in employment and business investment in current and future periods. As a result, output, income and private consumption expenditure contract. Pappa (2009) , employing an RBC model, reports that an increase in government employment that leads through factor relocation to a reduction in private sector employment can increase output, consumption and investment and raise real wages if government employment is productive for the private sector. However, if private employment was unproductive output would have fallen. In the New Keynesian version of the model, where there is price stickiness, total employment may even fall and real wages and output do not increase as much as in the RBC version. Although increased government absorption increases demand, firms do not have to increase employment in response to the shock and they may actually decrease it.
Similarly, Cavallo (2005) finds that a government employment shock decreases private sector hours, output and investment. Ardagna (2007) adds Keynesian features in the labor market, i.e. the labor market is unionized, and finds that the increase in government wage bill raises the outside option of workers, leading to higher real wages in the private sector. Tagkalakis (2006) studying UK data suggest that a government spending shock leads to a negative response for private employment, with the effect being attributed to the wage bill component of government spending. Moreover Pappa (2009) examining the transmission of fiscal shock in the labor market using data for US States finds that shocks to government consumption and investment increase real wages and employment in the aggregate and at the state level, but shocks to government employment give mixed results, they increase employment in the aggregate, but they reduce it in 1/3 of the US States considered 7 .
Data information and SVAR methodology
We use quarterly data from 2000 to 2012. In view of the small sample size we consider a parsimonious specification which is a variant of those used in Blanchard and Perotti (2002) and Monacelli et al. (2010) . In order to examine the effects of government spending shocks we consider the following 4 variable SVAR 8 : the change in log of real government spending/purchases (which is the sum of government consumption and government investment), the change in the log of real net taxes (total current revenue excluding current transfers) 9 , the change in the log of real GDP, and the change in the log of the number of unemployed. Following Monacelli et al. (2010) the unemployment variables enters after real GDP. Variables are transformed in real terms using the GDP deflator 10 .
The (lagged value of the) debt to GDP ratio is included as an exogenous variable to capture the constraints imposed on fiscal policy by debt developments in line with Favero and Giavazzi (2007) . The SVAR specification includes an intercept; the lag length is set to 1 11 . In addition we include a dummy variable called EAP, which takes value 1 from 2010 Q2 onwards and zero otherwise. EAP controls for two things: (1) the fact that Greece has been cut off from financial markets since the start of the EU-IMF finance programme, which in itself is a major structural change and (2) for the fact that numerous labor market reforms have been undertaken in the period of implementation of the Economic Adjustment Programme (EAP), see e.g. IMF (2013a). The SVAR we estimate is of the form:
Where X t = [G, T, Y, U] is the vector of endogenous variables, C t contains the deterministic terms and D t-1 is the debt to GDP ratio. u t are the VAR innovations. Building on the Blanchard and Perotti (2002) SVAR approach we identify the structural shocks to G and T by imposing on the matrices A and B that determine the mapping from the VAR innovations u to the structural shocks ε (Au t = Bε t ) the following restrictions:
(2) Following Blanchard and Perotti (2002) we set α gy = α gU = 0, whereas using information from the Girouard and Andre (2005) we set α ty = 0.9 12 . We set α tU = −0.27 using the information provided in Girouard and Andre (2005) . In line with Blanchard and Perotti (2002) we set β 12 = 0 and estimate β 21 13 . The above specification is used to examine the effect of a government spending/purchases shock on output and unemployment. However, in order to examine the effect of the revenue component we include the tax burden (instead of the net tax variable). This is the sum of the following revenue categories: direct taxes, indirect taxes, social security contributions and capital taxes. This variable will better reflect the impact of the increased tax burden imposed on society on output and unemployment.
Composition effects of fiscal policy
In order to assess the output effects of individual government expenditure and revenue component we have re-estimated (1) In case of these 5-variable SVARs the following restrictions apply to the A and B matrices:
The government spending and revenue elasticity assumptions in (2) still hold in (3) in the case of the 5-variable SVAR specifications examining the output and unemployment effects of government consumption, government investment, and compensation of employees. In case of government transfers we assume that the output and unemployment elasticity assumptions with respect to the tax revenue variable still hold, however, we now assume that the output elasticity of government transfers is set to α gy = −0.17 and the unemployment elasticity of government transfers is set to α gU = 0.05; i.e., we assume that government transfers respond to output and unemployment contemporaneously. In the case of the SVAR specifications examining the output effects of each individual revenue specification, the output elasticity of direct taxes is set to 1.40 and the output elasticity of indirect tax revenue is set to 1 based on the elasticities estimated by Girouard and Andre (2005) . While the unemployment elasticity of indirect tax revenue is set to α tU = −0.30 and the unemployment elasticity of direct taxes is set to α tU = −0.42 17 .
Main findings
The findings are presented in Figures 1, 2 , 3, 4, 5, 6, 7, 8, 9 and 10. In Figures 1, 2 , 3, 4 and 5 we consider the government expenditure components. In Figures 6, 7 and 8 we present the findings for tax revenue variables and in Figures 9 and 10 the impulse responses for the implicit tax rate SVARs. The solid red line in each figure represents the response profile of the variable of interest following a spending or revenue shock. The black dashed and round dot lines are the 68% and 90% confidence intervals, which have been calculated by bootstrapping the residuals (1000 bootstrap replications were performed). An issue that requires particular attention relates to the possibility of structural breaks in sample. The most prominent event that occurred in the period under examination relates to the lack of market access in 2010 Q2 (on account of sovereign debt problems), which, subsequently led to the EU-IMF financing agreement for Greece. By incorporating two exogenous variables, the dummy variable EAP (that takes value 1 from 2010 Q2 onwards and zero otherwise) and the lagged debt ratio we do account for some of these developments. However, in order to gain more insights on the possibility of differential effects of fiscal policy pre-and post EAP implementation we repeat Figure 1 The effects of a government purchases shock. A. Output; B. Unemployment; C. Implied unemployment rate. Notes: The solid red line represents the response of output/unemployment/unemployment rate to a 1 p.p. of GDP shock to government purchases. The black dashed and round dot lines are 68% and 90% confidence intervals, which have been calculated by bootstrapping the residuals (1000 bootstrap replications were performed). The square dot orange line represents the implied unemployment rate response with 2012 unemployment rate weights. The green solid line corresponds to the pre-EAP SVAR. Figure 2 The effects of a government consumption shock. A. Output; B. Unemployment; C. Implied unemployment rate. Notes: The solid red line represents the response of output/unemployment/unemployment rate to a 1 p.p. of GDP shock to government consumption. The black dashed and round dot lines are 68% and 90% confidence intervals, which have been calculated by bootstrapping the residuals (1000 bootstrap replications were performed). The square dot orange line represents the implied unemployment rate response with 2012 unemployment rate weights. The green solid line corresponds to the pre-EAP SVAR. Figure 3 The effects of a government wage bill shock. A. Output; B. Unemployment; C. Implied unemployment rate. Notes: The solid red line represents the response of output/unemployment/unemployment rate to a 1 p.p. of GDP shock to government wage bill. The black dashed and round dot lines are 68% and 90% confidence intervals, which have been calculated by bootstrapping the residuals (1000 bootstrap replications were performed). The square dot orange line represents the implied unemployment rate response with 2012 unemployment rate weights. The green solid line corresponds to the pre-EAP SVAR. Figure 4 The effects of a government investment shock. A. Output; B. Unemployment; C. Implied unemployment rate. Notes: The solid red line represents the response of output/unemployment/unemployment rate to a 1 p.p. of GDP shock to government investment. The black dashed and round dot lines are 68% and 90% confidence intervals, which have been calculated by bootstrapping the residuals (1000 bootstrap replications were performed). The square dot orange line represents the implied unemployment rate response with 2012 unemployment rate weights. The green solid line corresponds to the pre-EAP SVAR. Figure 5 The effects of a government transfer shock. A. Output; B. Unemployment; C. Implied unemployment rate. Notes: The solid red line represents the response of output/unemployment/unemployment rate to a 1 p.p. of GDP shock to government transfers. The black dashed and round dot lines are 68% and 90% confidence intervals, which have been calculated by bootstrapping the residuals (1000 bootstrap replications were performed). The square dot orange line represents the implied unemployment rate response with 2012 unemployment rate weights. The green solid line corresponds to the pre-EAP SVAR. Figure 6 The effects of a tax burden shock. A. Output; B. Unemployment; C. Implied unemployment rate. Notes: The solid red line represents the response of output/unemployment/unemployment rate to a 1 p.p. of GDP shock to government tax burden. The black dashed and round dot lines are 68% and 90% confidence intervals, which have been calculated by bootstrapping the residuals (1000 bootstrap replications were performed). The square dot orange line represents the implied unemployment rate response with 2012 unemployment rate weights. The green solid line corresponds to the pre-EAP SVAR.
Figure 7
The effects of a direct tax shock. A. Output; B. Unemployment; C. Implied unemployment rate. Notes: The solid red line represents the response of output/unemployment/unemployment rate to a 1 p.p. of GDP shock to direct taxes. The black dashed and round dot lines are 68% and 90% confidence intervals, which have been calculated by bootstrapping the residuals (1000 bootstrap replications were performed). The square dot orange line represents the implied unemployment rate response with 2012 unemployment rate weights. The green solid line corresponds to the pre-EAP SVAR. Figure 8 The effects of an implicit direct tax rate shock. A. Output; B. Unemployment; C. Implied unemployment rate. Notes: The solid red line represents the response of output/unemployment/unemployment rate to a 1 p.p. shock to the implicit direct tax rate. The black dashed and round dot lines are 68% and 90% confidence intervals, which have been calculated by bootstrapping the residuals (1000 bootstrap replications were performed). The square dot orange line represents the implied unemployment rate response with 2012 unemployment rate weights. The green solid line corresponds to the pre-EAP SVAR. Figure 9 The effects of an indirect tax shock. A. Output; B. Unemployment; C. Implied unemployment rate. Notes: The solid red line represents the response of output/unemployment/unemployment rate to a 1 p.p. of GDP shock to indirect taxes. The black dashed and round dot lines are 68% and 90% confidence intervals, which have been calculated by bootstrapping the residuals (1000 bootstrap replications were performed). The square dot orange line represents the implied unemployment rate response with 2012 unemployment rate weights. The green solid line corresponds to the pre-EAP SVAR. Figure 10 The effects of an implicit indirect tax rate shock. A. Output; B. Unemployment; C. Implied unemployment rate. Notes: The solid red line represents the response of output/unemployment/unemployment rate to a 1 p.p. shock to the implicit indirect tax rate. The black dashed and round dot lines are 68% and 90% confidence intervals, which have been calculated by bootstrapping the residuals (1000 bootstrap replications were performed). The square dot orange line represents the implied unemployment rate response with 2012 unemployment rate weights. The green solid line corresponds to the pre-EAP SVAR.
the same analysis for a short time span running from 2000 till 2010 Q1, just before Greece lost marker access. The solid green line in Figures 1, 2, 3, 4, 5, 6, 7, 8, 9 and 10. represents the response profile of the variables of interest in the pre-EAP period.
Furthermore, when presenting the effects of fiscal policy on unemployment rate we consider the possibility that unemployment rate stabilizes at its currently high levels (before declining as assumed by EAP); i.e., despite the significant progress in labor market reforms (IMF 2013a; European Commission 2013c) we assume that it will take more time to reduce the unemployment rate. Hence, when constructing the implied unemployment rate responses we consider two possibilities: a) that the unemployment rate will return back to each sample average level (around 11.6%) and b) that it will stabilize at its 2012 level (24.3%) 18 . This allows us get a better sense of labor market effects of fiscal policy in the post crisis era.
In Tables 1, 2 , 3, 4 and 5 we summarize some of the findings reported in Figures 1, 2 , 3, 4, 5, 6, 7, 8, 9 and 10. In Tables 1 and 3 we report the output and unemployment impact multipliers following government expenditure and revenue shocks, while in Tables 2 and 4 we report the cumulative multipliers. In Table 5 we report the estimated semi-elasticities following a 1 percentage point increase in the implicit direct and indirect tax rates. The impact multiplier is constructed as follows: The original impulse responses of the responding variable (e.g. output, unemployment) are divided by the impact response (at t = 0) of the government spending (tax) variable expressed in percentage points of GDP. The cumulative multiplier is defines as follows: The cumulative e.g. GDP, multiplier at horizon X is computed as the cumulative percentage change in GDP after X quarters, divided by the cumulative change in government spending, expressed in percentage point of GDP, at the same horizon (see Monacelli et al. 2010 ).
Government expenditure
The solid red line in Figure 1A represents the response of output to a government purchases shock of 1 percentage point (p.p.) of GDP. The response of output is statistically significant for most of the time horizon considered. The impact response of output to a 1 p.p. of GDP shock in government purchases is estimated at 0.41 (see Table 1 ); it gradually declines to 0.17 two years after the shock. The cumulative output multiplier rises to 0.93 one year after the shock and approaches 1.28 two years after the shock (see Table 2 ). Overall, output responds in a quite persistent manner to a government purchases shock. Interestingly, the output impact response to a government purchases shock was much smaller in the pre-EAP period, i.e., around 0.14 p.p. In addition, it followed a quite different response profile, increasing to about 0.4 p.p. of GDP in quarter 1 before declining at a much faster pace 5 quarters after the shock.
Following a positive government purchases shock unemployment declines displaying an inverse hump-shaped profile as in Monacelli et al. (2010) ; see Figure 1B . The response is statistically significant for most of the time horizon considered based on the 68% confidence bands. Unemployment falls on impact by about 1.34% and by about 2% one year after the shock. When considering the smaller pre-EAP sub-sample we find a smaller impact effect around 1%, and a much more pronounced negative response one year after the shock (about 3.6%), in line also with the more pronounced output response shown in Figure 1A . However, when considering the full sample, the response Notes: GP Government purchases, GC Government consumption, GI Government inestemnt, GWB Government wage bill, GTR Government transfers. Notes: GP Government purchases, GC Government consumption, GI Government inestemnt, GWB Government wage bill, GTR Government transfers.
of unemployment to a government purchases shock is much more persistent and pronounced after the 7 th quarter, as was also the case with the full sample output response.
The unemployment rate falls on impact by about 0.15 percentage (%) points and by about 0.20 percentage points one year after the shock (Table 1 ). Turning to the cumulative multipliers, following a 1 p.p. of GDP shock in government purchases the unemployment rate falls by about 0.74 p.p. one year after the shock and by 0.91 p.p. two years after the shock (see Table 2 ). The implied response of unemployment rate is more pronounced when considering the pre-EAP period (green line in Figure 1C ). The implied response of unemployment rate differs substantially if we use the 2012 unemployment data (orange square dot line in Figure 1C ) instead of the sample average to construct the implied response of unemployment 19 . In this case the unemployment rate falls on impact by about 0.32 p.p., while the cumulative unemployment rate response is 1.54 p.p. and 1.89 p.p. one and two years after the shock, respectively 20 .
Overall, the findings indicate that, driven by the post EAP period, both output and unemployment responses to government purchases shocks have become more persistent 21 .
Government spending sub-components
The output response to a government consumption shock (Figure 2A ) resembles the output response profile to a government purchases shock, but it is slightly less persistent. The impact response of output is 0.29 p.p. of GDP and the cumulative response reaches 1.68 p.p of GDP two years after the shock. In the pre-EAP period the output response profile followed a hump-shaped pattern having a negative impact response. The response of unemployment is slightly more pronounced compared to a government purchases shock in the first 1-2 years after the shock but then it declines at a much faster pace (Figures 2B-2C) . The pre-EAP unemployment response is smaller on impact, but more pronounced until the 6-7 th quarter. Thereafter, it decays more rapidly. However, when considering only 2012 weights to construct the whole sample unemployment rate response we find an impact multiplier of −0.34, with the response rising to −0.49 p.p. of GDP one year after the shock (see Tables 1 and 2 ). The cumulative multiplier one and two years after the shock approaches −2.0 p.p. and −3.21 p.p. of GDP, respectively (a response much more pronounced compared to the government purchases case).
A government wage bill shock of 1 p.p. of GDP raises output on impact by about 0.92 p.p., and by 0.97 p.p. of GDP one quarter after the shock. Then it gradually returns to zero with a profile resembling to the government purchase response ( Figure 3A) ; whereas the cumulative output response is much more pronounced (see Figure 3A and Tables 1 and 2 ). In case of a wage bill shock the negative responses of unemployment and unemployment rate are more sizeable and the peak response occurs earlier compared to government spending shocks (see Figures 3B-3C ), i.e., unemployment declines by 2.5% and the unemployment rate falls by 0.30 p.p. on impact. The cumulative unemployment response reaches about −2.7 p.p. one year after the shock and −6.25 p.p. two years after the shock (see Tables 1 and 2 ). The pre-EAP response of unemployment is much more pronounced the first three quarters after the shock, but then it returns rapidly to zero. The effects are quite dramatic if we assume that the unemployment rate will stabilize around its 2012 value; i.e. the impact response of unemployment rate is −0.62 becoming −0.65 one year after the shock. The cumulative responses indicates rapidly rising unemployment rates in the event of cut in government wage bill.
Hence, contrary to other studies (Lane and Perotti 2003; Alesina et al. 2002 ) that have identified a non-Keynesian response of output in the case of a government wage bill shock due to the (indirect) labor cost channel, in our case we do find a strong Keynesian response of output. An increase in the government wage bill leads to a direct boost in domestic demand, which then expands output and reduces unemployment. This also reveals the important role that the government sector had acquired over the years in the workings of the Greek economy. This has worked through both higher wages and expansion of government employment 22 . As a result, cuts in the wage bill component (which are at the heart of the on-going fiscal consolidation effort) have dire consequences for demand and output.
The output response to a government investment shock is significant only for the first 1-2 quarters. The impact multiplier of output is estimated at 1.14 compared to 1.40 in the pre-EAP sub-sample (see Tables 1 and 2 ), implying that government investment cuts will have the most acute impact effects on output. However, in both cases the output responses rapidly go back to zero ( Figure 4A ). Unemployment declines following a government investment shock, but the response is not statistically significant (see Figure 4B -4C). Following a positive 1 p.p. of GDP government transfers shock output increases on impact by 0.41 p.p., however, thereafter the impulse response rapidly returns to zero ( Figure 5A ) 23 . The short lived positive response of output and the positive response of unemployment in the first few quarters after the shock (afterwards it converges to zero) indicates the inefficient design of social spending in Greece, which have been highlighted by international organizations as being inadequate to cater social needs and to reduce poverty (OECD, 2011).
Assessment
Output and unemployment respond in a Keynesian manner to government spending shocks. The sizeable impact output and unemployment responses to a government purchases shock are driven by the EAP period (2010 Q2-present); a finding which is in line with Blanchard and Leigh (2013) . The stronger output and unemployment impact response to government purchases shock in the whole sample case could be explained by the tightness of credit conditions in recent years. Recent studies have shown that fiscal policy has more pronounced effect in times of credit constraints (see Tagkalakis In addition, in a more liberalized labor market the effects of fiscal policy shocks could be more pronounced on impact, as it is easier to shed employment in times of declining demand. However, the rebalancing of the economy tends to be easier because resources move faster to the most productive use where there are new employment opportunities. In this case, the impact effect on unemployment and output following a fiscal policy shock will be higher in a liberalized compared to a more regulated market but then in the subsequent periods/quarters the rise of unemployment will be much less pronounced due to the absence of labor market rigidities which facilitate the direction of labor input to other more productive uses 25 .
This is exactly what we observe in Greece when we compare the unemployment responses in the pre-EAP and whole sample SVARs in quarters 1-7 following a government purchases shock (Figure 1) 26 . The response of unemployment is less pronounced possibly due to the series of labor market reforms undertaken in recent years in the context of implementation of EAP. Nevertheless, after the 6 th -7 th quarter following the government purchases shock both output and unemployment respond in a more persistent and pronounced manner, which challenges the view that labor markets have started to bear fruit. Hence, although the effect on unemployment are more contained (excluding on impact) in the whole sample case, they tend to last longer than before, i. e., about 4 years. However, if the unemployment rate stabilizes at high levels (2012 values 24.3%) and does not decline rapidly to sample average values (11.6%) or to the pre-EAP average (9.7%) then the unemployment rate effects of government purchases shocks will be much more dramatic.
Government revenue components
The output response to a tax burden shock of 1 p.p. of GDP is shown in Figure 6A . Output declines on impact by about 0.22 p.p. of GDP; with the negative response reaching 0.42 p.p. of GDP one quarter after the shock (see Table 3 ). The output response declines fast afterwards returning to zero six to seven quarters after the shock; i.e., the output response to a tax burden shock is less persistent compared to the government purchases shock ( Figure 1A) . The cumulative multiplier reaches 2.5 p.p. and 2.95 p.p. one and two years after the shock (see Table 4 ). Interestingly, in case of the pre-EAP sample the output response is smaller on impact (0.14 p.p. of GDP) but then it becomes more pronounced (i.e. 0.67 p.p. one quarter after the shock) and more persistent 27 .
Both the unemployment and the unemployment rate increase on impact, by 0.36% and 0.04-0.09 p.p. respectively), but then decline crossing the zero line; the negative response remains significant until about the 6 th quarter after the shock ( Figures 6B   and 6C ).
Government revenue sub-components
A shock to direct taxes induces a negative output response which remains significant for about 6-7 quarters (based on the 68% confidence bands -see Figure 7A ). The impact response of output is estimated at −1.33, while one years after the shock it approaches −0.17. The cumulative output response reaches −1.5 one year after the shock and −1.3 two years after the shock (see Tables 3 and 4) . Both the unemployment and the unemployment rate increase on impact, by 4.3% and 0.50 p.p. (1.03 p.p. with 2012 weights), respectively. Both impulse responses return back to zero two to three quarters after the shock ( Figure 7B-7C) . The pre-EAP responses have the same profile, though the impact effects are more sizeable (6.7% and about 0.80 p.p. of GDP respectively).
As a robustness check in Figure 8 we present the output and unemployment responses to an implicit direct tax rate shock. A 1 p.p. increase in the implicit direct tax rate lowers output on impact by about 1.2% (see Table 5 for implicit tax rate semielasticities). The response of output is relatively more pronounced and persistent in the whole sample case ( Figure 8A ). Unemployment increases on impact by about 3.0% and the unemployment rate by about 0.34 p.p. (0.74 p.p. in case of 2012 weights); see Table 5 . The responses of unemployment and unemployment rate are more sizable and persistent in the whole relative to the pre EAP sample (see Figures 8B-8C) .
The output response to an indirect tax shock changes sign in the two cases considered, i.e., from a positive impact response in the pre-EAP sample we end up to a marginally negative response (of −0.14 p.p. of GDP) which returns rapidly to zero in the whole sample case (see Figure 9A ). In addition, following an indirect tax shock both the unemployment and the unemployment rate increase marginally on impact and then contrary to what might be expected they both decline (see Figures 9B-9C) .
As a robustness check in Figure 10 we present the output and unemployment responses to an implicit indirect tax rate shock. The output response is pretty much alike the one presented in Figure 9A ; a 1 p.p. increase in the implicit indirect tax rate lowers output by about 1.26%, while the response is positive in the pre-EAP sample. In addition, contrary to the evidence reported in Figures 9B-9C both the unemployment and the unemployment rate increase persistently. The impact responses are about 3.0% and 0.34 p.p. (and 0.71 p.p. using 2012 weights), respectively. The responses are more persistent compared to the pre-EAP sub-sample.
Assessment
A pick up in tax burden, as well as in direct and indirect tax revenues does reduce output in a significant and persistent manner (to a lesser extend in case of indirect taxes), but in all cases the increase in unemployment is short lived. However, higher tax rates as captured by increasing implicit tax rates are associated with greater tax distortions which can be detrimental for growth, while at the same time inducing a more protracted unemployment response; a finding which is in line with Bassanini and Duval (2006a,b) . Even though one would expect the post EAP unemployment responses to be less persistent (provided that labor market reforms have started to bear fruit) the evidence points to the opposite direction in case of increases in implicit tax rates.
Summary and conclusions
Motivated by recent developments this paper investigates the unemployment effects of fiscal policy changes in Greece in the period 2000-2012. It is a first attempt to analyse the impact of exogenous fiscal policy changes on unemployment in Greece based on the Blanchard and Perotti (2002) SVAR methodology.
Our findings indicate that an increase (cut) in government purchases and its subcomponents, i.e., government consumption, the government wage bill and government investment increase (lower) output and reduce (raise) unemployment and the unemployment rate. One year after the negative government purchase shock the unemployment rate increases by about 0.74 p.p. Two years after the shock the cumulative unemployment rate increase reaches about 0.91 p.p. The unemployment rate effects are more sizeable if we assume that the unemployment rate will stabilize at around its 2012 level (24.3%). In this case the one and two year cumulative unemployment rate increase is 1.5 p.p. and 1.9 p.p. respectively. It is primarily government consumption, and in particular the wage bill component, that drives the output and unemployment responses. Higher government transfers have a short lived positive effect on output, but fail to reduce unemployment, possibly because they are inefficiently design and not well targeted (OECD 2011) .
The output and unemployment responses to a government purchases shock are more sizable on impact in the whole sample vis-à-vis the pre-EAP period; a finding in line with Blanchard and Leigh (2013) . However, for a period of one two years after the government purchases shock the response of unemployment is less pronounced in the whole sample case. Nevertheless, thereafter both output and unemployment responses become more persistent and pronounced. Hence, although the effects on unemployment are more contained (excluding on impact) in the whole sample case they tend to last longer than before, i.e., about 4 years. This implies that the series of labor market reforms that have been undertaken in the context of EAP aiming to liberalize the labor market might take more time to bear fruit.
Turning to the tax variables, increases in the tax burden and in direct and indirect taxes reduce output growth. The effects are more persistent in case of tax burden and direct taxes compared to indirect taxes. Unemployment increases after the tax shocks, but its positive effect is short lived. Both output and unemployment respond in a quite sizeable and persistent manner following tax hikes that involve increasing the implicit direct and indirect tax rates. The whole sample responses are driven by the EAP period developments. Higher implicit tax rates are associated with increased tax distortions that dampen output and lead to a protracted unemployment response.
Overall, the policy message that comes out of the analysis is that spending containment reduces output and increases unemployment. The effects can be quite sizeable and persistent in case of cuts in government consumption, government wage bill and to a lesser extent government investment. Whereas, reduced, but better targeted, government transfers will not necessarily be leading to higher unemployment. Tax hikes reduce output and increase unemployment, in particular those leading to higher implicit direct and indirect taxes.
According to European Commission (2013a) output growth reached a trough of −7.1% in 2011, thereafter it is expected to gradually return to positive territory by 2014 (0.6%). The unemployment rate is expected to reach its peak in 2013 (27%) and will start decelerating from then on. Overall, this two year lag in the peak response of unemployment with respect to the trough of output growth seems reasonable. However, according to our findings in case of government purchases shocks the peak response of unemployment is about 1 year after the peak response of output (which occurs on impact). In case of tax shocks the peak unemployment response is on impact, but it has quite persistent response thereafter in case of implicit tax rate hikes.
The Greek government recently adopted the Medium Term Fiscal Strategy (MTFS) involving primarily wages and social benefits cuts of about 7.3% of GDP for 2013-2014 with about 70% of the measures impacting in 2013 (IMF, 2013a) . Based this information and on the output and unemployment responses following spending and tax shocks found in this study and the delayed response of unemployment vis-à-vis output it would difficult for unemployment to start decelerating in 2014 (ceteris paribus) as foreseen in European Commission (2013a). Given that the majority of spending containment measures will impact on output growth immediately in 2013, the unemployment rate peak response should be expected in 2014 (ceteris paribus). Therefore, taking into account the macroeconomic effects of fiscal consolidation, the unemployment rate is more likely to start decelerating from 2015 onwards 28 .
These findings imply that Greece is facing a important policy dilemma. The on-going fiscal consolidation is prerequisite for fiscal sustainability, however at the same time it has caused and will continue to cause significant adverse growth and labor market effects; i.e., spending cuts and direct tax hikes will continue dampening growth and increasing unemployment raising social tensions. Recent IMF work (IMF, 2012c), which is beyond the scope of the current study, suggests that better designed and targeted tax and expenditure policies (such as those included in the MTFS 2013-2016) could limit jobs losses (and could even boost employment) in a context of tight fiscal constraints. These policies involve boosting incentives to increase labor demand and supply. Unemployment could be reduced in the short run by lowering labor tax wedges, and expanding wage subsidies, especially for low-wage earners. Expanding active labor market programs could better match labor supply with labor demand, thereby reducing frictions. Measures to improved labor supply incentives, especially for women and older workers, will be beneficial for employment over the medium term.
Despite the significant progress in labor market reforms in recent years (IMF 2013a; European Commission 2013c) there is long way to go to improve the responsiveness of factors of production to economic conditions and to external shocks, in order to shorten the period of internal rebalancing. One reason relates to the, yet, inadequate progress in product market reforms which possibly delays the adjustment of factors of production, the entry of new firms and the rebalancing of economic activity (IMF, 2013a; European Commission, 2013c) . Furthermore, policy makers could also take into account that it might take more time before structural reforms start to bear fruit in terms of reducing unemployment costs for society. Thereafter, the growth rates projected were −2.6% in 2011 and 1.1% in 2012 (European Commission 2010). 3 The unemployment rate was initially (European Commission 2010) expected to increase from 9.5% in 2009, to 12.5% in 2010, to 15.2% in 2012, and to decline to 14.8% in 2013. 4 We focus on the period that Greece was part of the euro area. Greece became part of the euro area on 1 st January 2001 but its euro entry was already decided in 2000, therefore we start out data set in 2000 because expectations for a euro area entry were already formed. Another reason to look at the post-2000 era relates to the fact it is only since 2000 that the statistical authorities of Greece have started the production and dissemination of quarterly non interpolated fiscal and economic activity data. It should be taken into account that all fiscal and economic activity data have been approved by Eurostat, i.e., the data used in the analysis are not subject to any statistical deficiencies (see Eurostat 2013) . 5 A additional information can be found in Additional file 1. 6 However, the impact of labor taxes on unemployment comes also through various institutional features of the labor market, such as unionization and minimum wage settings. 7 It should be pointed out that studies like Tagkalakis (2006 ), Pappa (2009 ), Monacelli et al. (2010 and others investigate the short run effects of fiscal policy on labor market variables via the identification of fiscal policy shocks. They usually follow either the SVAR approach of Blanchard and Perotti (2002) , the Mountford and Uhlig (2009) sign restriction approach or the narrative approach of Ramey and Shapiro (1998) and Romer and Romer (2010) . According to the SVAR approach of Blanchard and Perotti (2002) fiscal shocks are identified based the assumption that discretionary fiscal policy does not respond to output within the quarter, while also estimating elasticities of fiscal variables with respect to some macroeconomic variables in order to net out the automatic effects of fiscal policy. The Mountford and Uhlig (2009) approach identifies fiscal policy shocks by imposing sign restrictions on the way fiscal and macroeconomic variables would have to behave. In the so-called "narrative" approach of fiscal policy of Ramey and Shapiro (1998) , Edelberg et al. (1999) , Burnside, et al. (2004) , Romer and Romer (2010) and Ramey (2011) (2002) and Favero and Giavazzi (2012) , but the results are invariant to the ordering because the correlation between shocks is low enough and insignificant. 14 Keep in mind that in these specifications we subtract the current government transfers from current revenue so we have already accounted for their possible correlation with each expenditure component. 15 The implicit direct tax rate is calculated as direct taxes divided by a proxy of its tax base which is the sum of compensation of employees and gross operating surplus (given that direct taxes impact on both individuals and corporations). The implicit indirect tax rate is calculated as indirect taxes divided by a proxy of its tax base, i.e. private consumption. 16 We have also considered two additional government revenue specifications: one where the variable of interest is social security contributions (SSC) and a second one with the implicit social security contributions tax rate. We proxy this with the ratio of social security contributions over compensation of employees. We examined both actual and total SSC (incorporating imputed SSC). The other fiscal variables in the SVAR were government purchases and tax revenue (direct plus indirect taxes). In all cases considered we did not find any statistically significant effect on output and unemployment following a shock in SSC (the implicit SSC tax rate). Output elasticities of SSC were obtained from Girouard and Andre (2005) . 17 See Appendix A.1 18 The implied response of the unemployment rate is calculated as follows: the response of Δlog of unemployment is multiplied with the average unemployment over the sample and divided by the average labor force over the sample. Alternatively, we use only the 2012 weights (orange square dot line). The 2000-2012 sample average is 11.6%, the 2012 average is 24.3% and the pre-EAP sample average is 9.7%. 19 The implicit assumption is that the unemployment rate could stabilize in the years to come at higher average unemployment rate level (at around 24.3% which is the 2012 value rather than around 11.6% which is the sample average). Alternatively, it could take long before returning to the 11.6% average (or the 9.7% pre-EAP average) given that according to European Commission (2013a) it is expected to remain at 26-27% in 2013-2014. 20 The responses of the remaining variables in the SVAR are not shown here due to space limitation, but are presented in Additional file 1. 21 As shown in the supplementary material appendix the response profile of government purchases to an own shock (normalized to 1 p.p. of GDP) displays the same pattern in the pre EAP and whole sample cases, i.e., the persistence of the government spending response is not responsible for the difference in the persistence of the output and unemployment responses in the pre-EAP and whole sample cases. Auerbach and Gorodnichenko (2012) and Tagkalakis (2008) the effects of fiscal policy are more pronounced in periods of declining economic activity. 25 Unfortunately there are not enough data points to examine separately the size and persistent of the output and unemployment response in the EAP period (from 2010 Q2 onwards) or to contact an analysis analogous to Auerbach and Gorodnichenko (2012) . However, a back of the envelope exercise reveals the following: a 1 p.p. of GDP government purchases shock in the period 2000-2010 Q1 leads to an output multiplier of about 0.13 p.p. of GDP, while in the whole sample case running till 2012Q4 the output multiplier is 0.41 p.p. of GDP. Hence, in order for this whole sample effect to materialize (ceteris paribus) the fiscal multiplier in recent years, from 2010Q-2012Q4, should be expected to be about 1.5 p.p. of GDP. Similarly, unemployment effects 1.3% when considering the whole sample SVAR compared to 1% in the pre-EAP sub-sample. Hence, in order for this whole sample effect to materialize (ceteris paribus) the unemployment effect in recent years, from 2010Q-2012Q4, should be expected to be about 2.3%. Hence, in order for the unemployment rate impact multiplier to be 0.15 (0.32 using 2012 weight) in the whole sample SVAR from 0.12 in the pre EAP sample, the unemployment rate multiplier should increase to as much 0.3 (0.6 using 2012 weights) in the period 2010Q2-2012Q4. 26 However, in case of government wage bill shock the unemployment response in the pre EAP sub-sample is more pronounced in the first few quarters but declines rapidly thereafter (Figure 3) . 27 As shown in the supplementary material appendix the response profile of tax burden to an own shock (normalized to 1 p.p. of GDP) displays the same pattern in the pre EAP and whole sample cases, i.e., the persistence of the tax burden response is not driving the difference in the persistence of the output and unemployment responses in the pre-EAP and whole sample cases. A back of the envelope exercise reveals the following: a 1 p.p. of GDP tax burden shock in the period 2000-2010 Q1 leads to an output multiplier of about −0.14 p.p. of GDP, while in the whole sample case running till 2012Q4 the output multiplier is −0.22 p.p. of GDP. Hence, in order for this whole sample effect to materialize (ceteris paribus) the tax burden multiplier of output in recent years, from 2010Q-2012Q4, should be expected to be about −0.53 p.p. of GDP.
Contrary to government purchases case there are no substantial changes in the unemployment response to tax burden shock in the two cases. 28 Of course, other policy initiatives could be used (structural reforms etc.) that could help contain the unemployment rate increase.
Appendix
A.1 Government revenue and expenditure elasticities Girouard and Andre (2005) have estimated revenue and expenditure elasticities with respect to output gap for OECD countries. These elasticities are used to construct the cyclically adjusted balances -i.e., to clean the effect of the cycle from revenue, expenditure and primary and overall budget balances. The output elasticity of personal income tax is 1.80, of corporate income tax is 1.08, of social security contributions is 0.85, and of indirect taxes is 1. Using these and the sample averages of the shares of each tax category we set α ty = 0.9 in specification (2). One drawback related to these elasticities obtained from Girouard and Andre (2005) is that they do not account for the fact that tax elasticities might vary over the business cycle. The European Commission is considering time-varying elasticities in order to complement its fiscal surveillance procedure. However these time invariant elasticities remain still a key element in fiscal surveillance procedures. Note that, a similar value for the elasticity of revenue with respect to output gap (0.9) is used by the European Commission for the calculation of the cyclically adjusted balance (see European Commission 2013b; Part III, Table III. A1.1).
In specification (2) we proxy the unemployment elasticity of revenues (α tU = −0.27) as follows: we multiply the output elasticity of revenues (α ty = 0.9) with the inverse of the elasticity of unemployment with respect to the output gap (1/α UYGAP ), where α UYGAP = −3.3 the elasticity of unemployment with respect to the output gap is taken from Girouard and Andre (2005) .
In case of specification (3) we set α GY = −0.17 in case of government transfers. This is obtain as follows: we multiply the elasticity of unemployment with respect to the output gap (it is −3.3 from Girouard and Andre 2005) with the share of unemployment spending on government transfers which is around 5%. This value is comparable with the output elasticity of government spending (sum of government purchases and government transfers) of −0.1 assumed by the European Commission. It is comparable because the only component of government spending that is automatically responding to economic activity is government transfers (i.e. the sample average is about 20% of GDP), while government purchases (sample average about 22.7% of GDP) does not respond contemporaneously to output changes. Given the abovementioned shares to GDP the value of α GY = −0.17 is compatible with the assumptions adopted by the European Commission (2013b). Similarly to get α GU = 0.05, the unemployment elasticity of government transfers we assume that it corresponds to the share of unemployment spending to government transfers.
In the case of the SVAR specifications (3) the output elasticity of direct taxes is set to 1.40 and the output elasticity of indirect tax revenue is set to 1 based on the elasticities estimated by Girouard and Andre (2005) . Using sample average we calculate the output elasticity of direct taxes as follows: share of personal income tax to direct taxes * elasticity of personal income tax to output gap + share of corporate income tax to direct taxes* elasticity of corporate income tax to output gap. The output gap elasticities of personal (1.8) and corporate (1.08) income taxes are taken from Girouard and Andre (2005) . The respective shares to personal and corporate income tax revenue to direct taxes are about 2/3 and 1/3. The unemployment elasticity of indirect tax revenue is set to α tU = −0.30 as follows: we multiply the unitary output elasticity of indirect tax revenue with the inverse of the elasticity of unemployment with respect to the output gap (1/α UYGAP ), where α UYGAP = −3.3 according to Girouard and Andre (2005) . The unemployment elasticity of direct taxes is set to α tU = −0.42 as follows: we multiply the output elasticity of direct taxes (1.40) with the inverse of the elasticity of unemployment with respect to the output gap (1/α UYGAP ), where α UYGAP = −3.3.
As regards the variables used as proxies for the implicit direct and indirect tax rates the output elasticities are set to 0.40 and 0 respectively for direct and indirect taxes. In case of direct taxes we know that 1% increase in output will raise direct taxes by 1.4%. Assuming that the tax base (compensation of employees and gross operating surplus) increases one-to-one with output (in order to maintain a constant share in terms of output at around 89% in 2000-2012) we conclude that the implicit direct tax ratio will increase by about 0.40% for every 1% increase in output (given the progressivity of the tax system).
In case of the implicit indirect tax rate both the nominator, indirect taxes and the denominator, private consumption, are assumed to increase one-to-one with output following the findings of Girouard and Andre (2005) and assuming that the share of consumption in output has remained on average constant in the period 2000-2012 in Greece (at around 72%).
Unemployment elasticities of implicit direct and indirect taxes are set to −0.15 and −0.08 respectively. As pointed out before the unemployment elasticities of direct and indirect taxes are −0.42 and −0.30. The unemployment elasticities for the respective tax bases (compensation of employees and gross operating surplus and private consumption) are set to −0.27 and −0.22 respectively. They are calculated as follows: The elasticity of output gap with respect to unemployment is calculated as the inverse of the elasticity of unemployment with respect to the output gap (1/α UYGAP ), where α UYGAP = −3.3 from Girouard and Andre (2005) . The elasticity of each respective tax base is calculated as the product of the elasticity of output gap with respect to unemployment with the share of each tax base to output. In case of direct taxes the sample average of the share of tax base to output is 89% and in case of indirect taxes it is 72%. Subtracting the unemployment elasticities of direct (−0.42) and indirect taxes (−0.30) from the respective unemployment elasticities of their tax bases (−0.27 and −0.22, respectively) we obtain the unemployment elasticities of implicit direct (−0.15) and indirect tax (−0.08) rates.
A.2 Data information
The macroeconomic and fiscal data used in the analysis extent over the period 2000 to 2012 and were all taken from the International Financial Statistics of the International Monetary Fund (IMF, 2013b) , the OECD Economic Outlook and the OECD Quarterly National Accounts (OECD 2013a,b) . The house price data are from the Bank of Greece (2013).
To correct for seasonal patterns in the quarterly data we have applied the census X12 filter. The fiscal variables used are: the debt to GDP ratio, government purchases (government consumption plus government investment), government wage bill (compensation of employees), current government transfers, current revenue, net taxes (which equals current revenue minus current transfers) direct taxes, indirect taxes, tax burden, social security contributions (actual and total, i.e. including imputed). The government spending and revenue variables were first expressed in logarithmic terms (ln), next we transformed them in differences (Δln) from t to t-4: real government spending, real government consumption spending, real government gross fixed capital formation, real net government transfers, real government compensation of employees, real net taxes, real tax burden , real direct and indirect taxes. Government spending and revenue variables were expressed in real terms after subtracting the log of the GDP deflator. For example in case of real government purchases we have Δ[ln(government spending)-ln(GDP deflator)]. The implicit direct tax rate is the ratio of direct taxes to the sum of compensation of employees and gross operating surplus. The implicit indirect tax rate is the ratio of indirect taxes to private consumption. In the SVAR we use the percentage change from t to t-4.
We examine the effect of the fiscal variables on the percentage change of unemployment Δ[ln(number of unemployed)] and the the growth rate of real GDP Δ[ln(GDP)-ln (GDP deflator)]. In addition we use also use labor force participation. The EAP dummy variable takes value 1 from 2010 Q2 till 2012 Q4.
Additional file
1: Supplementary material appendix for "Unemployment effects of fiscal policy: recent evidence from Greece". Diagnostic tests and additional impulse responses.
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